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Method and apparatus for determining indirectly the concen- 
tration of a specific substance in the blood 

5 The invention relates to a method for determining 

indirectly the concentration of a predetermined substance 
in the blood by measuring the concentration of said sub- 
stance and the concentration of water vapour in a person's 
exhalation air and utilizing a known relationship between 

10 these concentrations. 

The method according to the invention is proposed 
particularly for determining alcohol concentration but can 
be applied also for determining the concentration of other 
substances which may occur in the blood. 

15 US-A-4 314 564 describes such a method for determin- 

ing alcohol concentration and also an apparatus for working 
the method, exhalation taking place directly into a tube 
from one end thereof via a mouthpiece. When one and the 
same apparatus shall be used for performing sequential 

20 alcohol tests on several different persons the mouthpiece - 
must be exchangeable for hygienic reasons so there is used 
a disposable mouthpiece for each person being tested, which 
is an economic burden when using the apparatus for mass 
tests the mouthpiece exchange at each test also requiring 

25 attendance and making performance of the test more lengthy. 
Moreover, the necessity of the person to be tested placing 
the mouthpiece against the lips means that the test hardly 
can be performed without attracting public attention, which 
in specific situations may be rather annoying to the person 

30 being tested. 

US-A-5 376 555 describes method and device for deter- 
mining the concentration of alveolar alcohol in exhalation 
air blown into an infrared sensing device. The presence of 
alcohol from the respiratory tract of the person being 

35 tested is detected by continuously monitoring alcohol and 
-carbon dioxide, normalizing alcohol values with respect to 
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carbon dioxide, calculating a difference between normalized 
alcohol concentration and carbon dioxide concentration over 
time, integrating the difference, and comparing the inte- 
grated difference with a threshold value. The alcohol con- 
5 centration in the blood cannot be determined in a reliable 
manner by this method because the carbon dioxide content in 
the exhalation air is not constant but varies from one 
breath to another and also during the breath. 

In the most common method according to prior art 
0 technique for determining the alcohol concentration in the 
blood of a person, for example in a traffic control a 
breathing test is performed wherein the alcohol concentra- 
tion at the end of a deep exhalation is measured. In that 
case the maximum alcohol concentration in the alveolar air 
5 (that part of the exhalation air which has been deepest in 
the lung) is measured. Since the exact temperature in the 
lung is unknown and accordingly also the temperature at 
which the alcohol has been evaporated is unknown there will 
be an error in the determination of the blood alcohol con- 
tent, which amounts to about 7 %/°C deviation. The lung 
temperature may vary several degrees in dependence of the 
body temperature (fever), the outside temperature,- breath- 
ing pattern, body strain etc., and the error may be consid- 
erable. By measuring the temperature of the exhaled alveo- 
lar air one can partly compensate for this error but since 
the temperature recrease from the lung to the point of 
measuring will be great and will vary with breathing pat- 
tern, the outside temperature etc. the remaining error also 
in this case will be considerable . 

US-A-5 458 853 describes a device for analyzing a 
breath sample particularly for determining if a driver is 
under the influence of alcohol or not. The device allows 
sampling by two different methods: in one sampling method 
the test person is exhaling towards an inlet port, and in 
the other sampling method the person is exhaling through a 
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mouthpiece. The first -mentioned sampling method constitutes 
"passive" sampling and is effected very discretely without 
manual operations. By this sampling those persons can be 
screened off who have no alcohol at all in the blood. These 
5 persons undergo no further sampling while the persons who 
turn out to have alcohol in the blood for a more accurate 
determination of the alcohol content undergo sampling 
according to the other method which requires use of a 
mouthpiece which for hygienic reasons must be exchanged 
y 10 after each sampling. In the "passive" sampling the exhala- 
iij tion can comprise an entirely common exhalation so that 

■B measuring can be effected on persons who exhale freely and 

^,1 entirely normally. In other words, no special breathing 

i|S technique is required for performing the test. As a conse- 

15 quence thereof the test can be performed very discretely 
Q without the test being noticed by people closest to the 

4=-' tested person or even by this person himself. Accordingly a 

^ screening test on several persons can be sequentially 

i3 effected without the necessity of taking manual measures at 

20 each individual test such as exchange of a mouthpiece or 
another article of consumption. The sampling is performed 
in a hygienic way and moreover in a way which is experi- 
enced as minimally offending the personal integrity. 

The device according to US-A-5 458 853 is proposed in 
25 the first place for the police department's "flying" con- 
trol of the soberness of drivers and aims at reducing, for 
the purpose of saving costs, the use of mouthpieces but 
there are many other situations wherein it is desired to 
automatically and rapidly effect unattended alcohol tests 
30 in a "passive" manner for example alcohol tests on visitors 
to a public entertainment when the visitors pass an 
entrance, alcohol tests on drivers at payment sites on toll 
roads and at garage exits, and alcohol tests on employees 
at working places where alcohol problems exist among the 
35 personnel, i.e. situations where it is desired to screen 
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off more or less drunken persons. Another example of a pas- 
sive alcohol test is when a person serves a sentence at 
home provided with an electronic foot shackle in order to 
check that the sentenced person satisfies the requirement 
of refraining from alcohol . 

The object of th e invention is to make poooiblc that — 
the conh;entration of a specific substance in the blood is 
indirectly determined by "passive" measurement of the con- 
centration\)f said substance in a person's exhalation air 
with greater >accuracy than can be achieved in prior art 
methods and devices by minimizing the error which is 
dependent on varisation of the evaporation temperature (lung 
temperature) and e\en-with greater accuracy than can be 
achieved by active d^ices wherein exhalation takes place 
through a mouthpiece ai^ a special breathing technique and 
the tested person's compi^te participation is required. 

A further object of\he invention is to make possible 
that the measurement is perrormed rapidly by the tested 
person exhaling freely withouts. special breathing technique 
being required for performing aNreliable measurement. 

In order to achieve these oKnects it is proposed 
according to the invention a method\for determining indi- 
rectly the concentration of a specif substance in the 
blood of the kind referred to above having the characteriz- 
ing features of claim 1 . \ 

The invention also provides an apparatus for working 
the method according to claim 11. \ 

The concentration of alcohol in the exhaJSation air is 
(dependent not only of the alcohol concentration \n the 
blood but also - in the same manner as the concent\;at ion of 
water vapour - of the lung temperature. The change o^ the 
saturation pressure, in dependence of the temperature Vs 
different for water and alcohol, respectively, but the oif- 
ference is small. If 37*^C is chosen as a normal temperature^ 
the error in the measurement when applying the method 
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"American J. Public Health, volume 83(4), pages 556 
560, (1993)" discloses the use of the CMI/MPH Alcolmeter 
VAS in field studies for passive alcohol testing. However 
the design of the said meter is not disclosed therein. 

"Clinical Science, volume 63, pages 441-445, (1982) 
discloses that there is a relation between temperature, 
humidity and alcohol concentration in exhaled air from 
persons with alcohol in the blood. The alcohol concentra- 
tion was determined by a gas chromatograph attached to a 
mouthpiece . 
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5 of refraining fynm a1 nn?v?>:L.^<-^ 

The object of the invention is to make possible that 
the concentration of a specific substance in the blood is 
indirectly determined by "passive" measurement of the con- 
centration of said substance in a person's exhalation air 

10 with greater accuracy than can be achieved in prior art 
methods and devices by minimizing the error which is 
dependent on variation of the evaporation temperature (lung 
temperature) and even with greater accuracy than can be 
achieved by active devices wherein exhalation takes place 

15 through a mouthpiece and a special breathing technique and 
the tested person's complete participation is required. 

A further object of the invention is to make possible 
that the measurement is performed rapidly by the tested 
person exhaling freely without special breathing technique 

20 being required for performing a reliable measurement. 

In order to achieve these objects it is proposed 
according to the invention a method for determining indi- 
rectly the concentration of a specific substance in the 
blood of the kind referred to above having the characteriz- 

25 ing features of claim 1. 

The invention also provides an apparatus for working 
the method according to claim 11. 

The concentration of alcohol in the exhalation air is 
dependent not only of the alcohol concentration in the 

30 blood but also - in the same manner as the concentration of 
water vapour - of the lung temperature. The change of the 
saturation pressure, in dependence of the temperature is 
different for water and alcohol, respectively, but the dif- 
ference is small. If 37^C is chosen as a normal temperature 

}5 the error in the measurement when applying the method 
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according to the invention will be a deviation of about 0.9 
%/°C from the normal temperature, which should be compared 
with the accuracy of about 7 %/°C achieved when applying 
prior art technique . 
5 In order to eliminate also this error in the measure- 

ment of about 0.9 %/°C which is low per se there is pro- 
posed according to claim 20 also a modification of the 
method according to the invention wherein the test person 
exhales through a mouthpiece at one end of a defined flow 
10 passage in order that the concentration of said specific 
substance and the concentration of water vapour shall be 
determined by measuring the undiluted alveolar gas, and the 
deviation of the evaporation temperature from a normal tem- 
perature can be determined for correction in determining 
15 the content of the specific substance in the blood. 

In order to explain the invention in more detail two 
illustrative embodiments of the apparatus according to the 
invention and the manner in which the method according to 
the invention is applied by using these apparatuses will be 
20 described- below reference being made to the accompanying 
drawings in which 

FIG. 1 is a diagrammatic axial cross sectional view 
of the apparatus according to the invention in one 
embodiment thereof ; 
25 FIG. 2 is a diagrammatic view similar to FIG. 1 but 

with the apparatus provided with„a mouthpiece for 
applying the modified method according to the inven- 
tion; 

FIG. 3 is a view of the apparatus connected with a 
30 computer and a printer; 

FIG. 4 is a diagram showing the relationship between 
alcohol and water in the exhalation air from a per- 
son ; 

FIG. 5 is a diagram showing the relationship between 
35 alcohol and water in the exhalation air from a person 
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having a lower alcohol content in the blood than the 
person in FIG . 4 ; 

FIG. 6 shows registered measurement values for alco- 
hol, water, and carbon dioxide from a breathing test; 
5 and 

FIG. 7 is a diagrammatic perspective view of the 
apparatus according to the invention in a second 
embodiment thereof . 

The apparatus according to the invention is princi- 

10 pally a gas analyzer and comprises in the first embodiment 
according to FIGS. 1 to 3 a double -walled cylindrical 
cuvette 10 having a heat insulating air gap between the 
outer wall and the inner wall. The cuvette is closed at one 
end thereof by ..means of an end element 11 while it is open 

15 towards the surroundings at the other end where the cuvette 
is provided with a rim 12 forming a funnel-shaped inlet 
opening 13 of the cuvette. A conduit 14 having a fan or air 
pump 15 or a flask with pressurized air connected to the 
conduit opens radially in the cuvette adjacent the end ele- 

20 ment 11. A cylindrical inner tube 16 is mounted coaxially 
inside the cuvette said inner tube having an open end 
thereof axially spaced from the air inlet 13 and being 
attached at the other end thereof to the end element 11 
where it communicates with a transverse passage 17 in the 

25 end element. 

A radiation source 18 is supported in said open end 
of the inner tube 16 by means of one or more radial wings 
19 which do not substantially block the passage through the 
inner tube. A window 20 is mounted in the end element 11 in 

30 register with the radiation source. Outside the end element 
a filter wheel 21 having in this case four filters 22 is 
mounted for rotation about an axis which is parallel with 
the axes of the cuvette 10 and the -inner tube 16, by means 
of an electric motor, not shown, in order that the filters 

35 22 shall be brought one after the other to a position in 



wo 98/20346 ^ PCT/SE97/01854 




register with the window 20. A light detector 23 is mounted 
at the side of the filter wheel opposite to the window in 
register with the radiation source 18 and the window 20 as 
well as the filter 22 at the time in register with the win- 
5 dow. In case the apparatus is intended for alcohol test 
three of the filters are for alcohol, water, and carbon 
dioxide measurement, respectively, while the fourth filter 
is a reference filter. A thermostatically controlled elec- 
tric heating element 24 is mounted to the inner tube 16 . 

y 10 When the apparatus described is being used the con- 

nni duit 14 should be in connection with a space wherein the 

air is free from the gas the concentration of which in the 

./^ exhalation air shall be measured in the apparatus, or the 

air has a known concentration of this gas and moreover has 
15 a known concentration of water. The air in this space is 

drawn in by the fan or air pump 15 either directly or via a 

==P zeolit or coal filter for equalization of the content of 

said gas and water vapour. The air is transported into the 

Q annular space between the cuvette 10 and the inner tube 16 

20 and flows in this space towards the open end of the cuvette 
where the air partly escapes to the surroundings through 
the inlet opening 13 in the rim 12 while the rest of the 
air is deviated by the rim towards the open end of the 
inner tube 16 to flow through this tube into the outlet 
25 passage 17 and arrive from there at the surroundings. The 

air flow is indicated by contoured arrows . The person to be 
tested by using the apparatus directs his or hers exhala- 
tion air towards the inlet opening 13 without having the 
lips in contact with the rim 12, An air jet which consists 
30 of a free air flow in the room but is not necessarily 

sharply defined is emitted from the mouth at a distance 
from the inlet opening towards this opening during a com- 
pletely common exhalation and is directed into and through 
the inlet opening 13, which has been marked by a solid 
35 arrow, in order then to flow through the inner tube 16 
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together with the air supplied from the conduit 14 the 
inner tube being kept at a predetermined elevated tempera- 
ture by means of the heating element 24 preferably at 40°C, 
in order to avoid condensation in the inner tube. A light 
5 beam is emitted from the radiation source 18, preferably 

infrared light, axially through the inner tube 16, and this 
light beam passes through the window 2 0 in order then to be 
captured by the detector 23 via one of the filters 22 in 
the rotating filter disc 21 the detector sensing the light 

10 intensity which can be used for determining the concentra- 
tion of a specific substance in the air passing through the 
inner tube depending on the filter which at time is located 
in the beam passage . 

The method of the invention is based on the fact that 

15 there is a relationship between the concentration of a gas 
existing in the exhalation air, the concentration of which 
in the blood shall be determined indirectly, and another 
gas existing in the exhalation air said gas preferably con- 
sisting of water vapour in the special case of determining 

20 the concentration of alcohol. Due to the large contact sur- 
face (larger than 70 m^) between the breathing gas and the 
alveolar walls the breathing gas always will be saturated 
with water vapour at the actual vaporization temperature 
(lung temperature) . At the normal lung temperature of 37^0 

25 the concentration of water vapour is 43.95 mg/1. The rela- 
tionship between the concentration o£., water vapour and the 
concentration of alcohol is substantially linear. There- 
fore, it is not necessary for measuring the concentration 
of alcohol in the exhalation air to measure a complete 

30 exhalation; it is sufficient to determine the concentration 
of water vapour and the concentrat^ion of alcohol in the 
exhalation air at one or more shorter but not ^e- small 
exhalations in order to obtain the linear relationship 
between said two concentrations and then on the basis of 

35 this relationship determine the concentration of alcohol at 
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the end of a complete exhalation of a person at normal tem- 
perature {37°C) . 

By measuring the content of carbon dioxide in the 
exhalation air the exhalation can be safely defined in 
5 order to secure that the measurement result indeed refers 
to exhalation air. For this purpose the measurement of con- 
centration of water vapour and the concentration of alcohol 
is started first at a measured predetermined value of the 
carbon dioxide content in the exhalation air. 

10 The coordinate system in FIG. 4 to which reference 

now is made the abscissa indicates the concentration of 
water in the exhalation air from a person in mg/1 while the 
ordinate indicates the concentration of alcohol in the 
exhalation air, also in mg/1. A number of short exhalations 

15 have been made and the intersections of the measured con- 
centrations of water and alcohol have been marked in the 
coordinate system at small circles 25. It will be seen that 
these intersections are located substantially on a straight 
line 2 6 which has been obtained by drawing a line through 

20 the lowest intersection located at the water concentration 
11.08 mg/1 and the alcohol concentration 0 mg/1, and the 
highest intersection which is located at the water concen- 
tration 31.45 mg/1 and the alcohol concentration 0.179 
mg/1. Since the relationship between the water and alcohol 

25 concentrations follow this line it can be read from the 
shown diagram that the alcohol content at the end of an 
exhalation at 43.95 mg/1 water is 0.289 mg/1. Since it is 
known that an alcohol concentration of 0.47 mg/1 corre- 
sponds to an alcohol content ' in the blood of 1.0 lb, the 

30 alcohol content in the blood at the measurement shown in 
the diagram according to FIG. 4 is 0.62 %o\ The diagram in 
FIG. 4 relates to measurement at normal temperature (37°C) 
but as mentioned above the error at a deviation from the 
normal temperature will be only a deviation of 

35 0.9 %/°C. 
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FIG. 5 discloses a corresponding diagram as that in 
FIG. 4 for a person having a lower alcohol content in the 
blood than the person in the example in FIG. 4. In this 
case the line 26 indicating the relationship between the 
5 water concentration and the alcohol concentration in the 
exhalation air, is drawn through a lowest point represent- 
ing 10.8 mg/1 water and 0 mg/1 alcohol in the exhalation 
air, and a highest point representing 31.30 mg/1 water and 
0.094 mg/1 alcohol in the exhalation air. At the end of an 

10 exhalation corresponding to a water concentration in the 
exhalation air of 43.95 mg/1 the alcohol concentration in 
the exhalation air is 0.152 mg/1 corresponding to an alco- 
hol concentration in the blood of 0.32 l-o. 

When the method according to the invention is applied 

15 it is not necessary that the exhalations are deep but the 

accuracy of the measurement will be greater at deeper exha- 
lations due to existing "noise" . 

When the person being tested has mouth alcohol the 
measurement points will not be located on a straight line 

20 but on a non-linear curve which initially rises steeply 

then to turn downwards. Such test results therefore can be 
easily excluded, which is an advantage not existing in 
known measurement devices. Another advantage of the method 
according to the invention is that it does not allow faking 

25 of the measurement result by mixing exhalation air with 
another gas . 

The apparatus of FIG. 1 can be supplemented with a 
further fan or air pump 15' which is connected to the 
passage 17 and is shown by dotted lines in FIG. 1. This 

30 pump can be used when measuring on a person who is uncon- 
scious and therefore cannot himself or herself blow into 
the tube 16. In such measurement the apparatus is turned 
with the inlet opening 13 towards the face of the person, 
and while the air pump 15' is inoperative the air pump 15 

35 is operated in order to flood the _f ace of the person with . 
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air taken in through the conduit 14. Then, the air pump 15 
is stopped and the air pump 15' is started in order to draw 
exhalation air from the person through the tube 13 and to 
measure in the manner described above . 
5 For working the method according to the invention by 

using the analysis apparatus described the detector 23 is, 
according to FIG. 3, via matching electronics connected to 
a computer 2 7 having a screen 2 8 which shows the measuring 
result, for processing the output signals of the detector. 

10 A printer 2 9 is connected to the computer for printing out 
the measurement result so that the person tested can get 
the test verified. The measurement procedure and the. neces- 
sary mathematic calculations in order to obtain a value of 
the alcohol concentration in the blood is controlled by a 

15 program installed in the computer. As mentioned above the 
filter wheel 21 has in addition to filters for measuring 
the water and alcohol concentrations also two further 
filters one of which shall comprise a filter for measuring 
the concentration of carbon dioxide in the exhalation air 

20 and the other one shall comprise a reference filter, i.e. a 
filter for measuring "noise" existing in the apparatus so 
that during the computer processing compensation can be 
made for such noise, and drift and influence on the meas- 
urement result by other substances which may exist in the 

25 breathing air can be eliminated. In the computer processing 
also other factors affecting the measurement can be taken 
into account such as air pressure and air temperature . The 
carbon dioxide measurement can be used for starting the 
measurement procedure as mentioned above. Further filters 

30 can be provided on the filter wheel for measuring the con- 
centration of- other substances than those mentioned herein, 
which may exist in the exhalation air, or for filtering out 
substances having an absorption similar to that of alcohol 
for example methyl alcohol. 
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The measurement method described herein can be used 
in order to perform a screening test for determining if a 
person has an alcohol content in the blood which is higher 
than a predetermined value, and such a screening test can 

5 be performed discretely without any attendance for .example 
for mouthpiece exchange, and in short time. At the measure- 
ment there remains as mentioned above an error which is a 
deviation of about 0.9 %/*'C from normal lung temperature. 
In order to eliminate also this error the apparatus accord- 

0 ing to the invention can be used with a mouthpiece as shown 
in FIG. 2. The mouthpiece indicated at 30 fits in the rim 
12 and is pushed into the inner tube 16. In this case the 
person to be tested thus shall blow into the mouth-piece 
which projects from the apparatus, and only the exhalation 

5 air, no supplementing air flow, passes through the inner 
tube 16 in order to measure the exhalation air in the man- 
ner described above. In other respects the measurement is 
performed in the manner described above but since the exha- 
lation air in this case is blown directly into the inner 

;0 tube the concentration will be measured directly in the 

undiluted alveolar gas. Before the mouth-piece is inserted 
into the apparatus this can be rinsed with air supplied via 
the conduit 14, and be calibrated with a gas of known com- 
position. 

;5 FIG. 6 discloses registered measurement values from a 

breathing test wherein the apparatus was first calibrated 
with a reference gas and the person then breathed five 
times into the analyzer. The test was terminated by blowing 
the reference gas again into; the analyzer in order to 

0 secure that the prerequisites of the test had not changed 
during the testing. In the uppermost diagram the alcohol in 
the exhalation air is shown in mg/1 as a function of the 
time. The middle diagram_discloses the water content in the 
exhalation air in mg/1 as a function of the time. As has 

15 been described above the relationship between the alcohol 
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content and the water content is linear the measurement 
values forming a straight line according to the examples in 
FIGS. 4 and 5. Finally, in the lowermost diagram in FIG. 6 
the carbon dioxide content in the exhalation air is shown 
5 in ppm as a function of the time. Thus, the apparatus 

measures the alveolar concentration of .alcohol, and from 
the water vapour measurement the exact evaporation tempera- 
ture can then be calculated and the blood alcohol concen- 
tration thus can be determined without any temperature 

10 dependent error. By the registration of these diagrams it 
is verified that the test is correctly performed and that 
the apparatus used functions in a correct way, which means 
that the legal security is high in case the test shall be 
used as evidence in connection with drunken driving etc.. 

15 The embodiment of the apparatus according to the 

invention shown in FIG. 7 is particularly well suited for 
discrete , passive , unattended alcohol tests. The apparatus 
comprises a construction having four side walls 31 defining 
a parallelepipedic space which is open at two opposite 

20 sides. In one open side a tube 32 is supported by a spider 
33 attached to the side walls, and this tube shall be con- 
nected to a fan or compressor for supply of a constant or 
intermittent air flow to the defined parallelepipedic 
space. A light source 34 for example for infrared light is 

25 provided in one of two opposite side walls 31, and the 

light beam emitted therefrom is reflected by mirrors 35 on 
these side walls towards a detector 3 6 which is mounted on 
the same side wall as the light source. The detector is in 
a manner not shown in detail herein provided with filters 

30 as described in connection with the first embodiment of the 
apparatus according to the invention. The detection of the 
presence of water vapour and alcohol (or another substance) 
as well as the processing of the output signals of the 
detector takes place in the manner described above . 
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The construction which defines the space can be so 



large that people can pass through the space and thus will 
exhale therein but it can also have smaller dimensions and 
be located in such a manner that a person when performing a 
5 specific action for example payment of road toll, purchase 
of an entrance ticket, or time -recording at the working 
place, has the face turned towards the defined space in 
register with one of the openings and exhales into the 
space. The detector can be connected in order to control a 
10 door, a turnstile, or a bar, so that the door will not be 
opened or will remain locked, the turnstile will remain 
latched, or the bar will not be lifted in case the indica- 
tor senses an alcohol content above a predetermined value . 



15 the determination of the alcohol content in the blood but 
can be used also for determining indirectly the concentra- 
tion of other substances in the blood for example the con- 
centration of ammonium, which can indicate specific dis- 
eases, the concentration of anaesthetics after narcoses, or 

20 the concentration of solvents used in some technical proc- 
esses. 



As mentioned above the invention is not limited to 



